objective To compare the levels of pain, grip strength, balance and gait in older adults with and without post-Chikungunya chronic arthralgia (PCCA).
Introduction
Chikungunya virus (CHIKV) fever is an emerging arboviral infection caused by a single-stranded RNA virus of the Togaviridae family that includes arthritogenic alphaviruses [1] . The virus is transmitted to humans by the Aedes aegypti and Aedes albopictus mosquitoes [2] . Since 2004, the CHIKV caused a worldwide epidemia. Outbreaks of CHIKV had been reported in Africa, Asia and the Indian and Pacific Oceans [3] . A small number of cases occurred within Europe, but the CHIKV epidemic reached the Americas, and it is now spreading through Latin America [4] . In 2013, the French National Reference Center for Arboviruses diagnosed the first local chikungunya cases in Saint Martin, and high disease attack rates were reported in areas such as in the Dominican Republic, or Suriname since 2013 [4] . Autochthonous cases have been registered in Brazil since 2014 [5] . A total of 216 102 possible cases of CHIKV fever were registered in 2016 and 185 854 in 2017 [6] .
Chikungunya virus infection is typically not fatal, with <1% cases of deaths reported in Colombia and Venezuela [4] . Up to 95% of infected individuals develop high fever, polyarthralgia, myalgia and rash during the viremic phase [7] [8] [9] . The symptoms usually disappear in <2 weeks [10] , and around 50%-60% of patients with acute CHIKV recover fully, but the disease may evolve to a chronic stage that can last several years [1, 3] . A model based on the number of individuals with the acute presentation of chikungunya in the Americas predicts that 385 835-429 058 persons will develop the chronic inflammatory rheumatism in a median time of 20 months, with persistent articular symptoms [7, [10] [11] [12] . At least a quarter of patients who have CHIKV develop chronic inflammatory arthralgia [13] . Joint damage happens most often on the extremities [11] . Potential causes of post-Chikungunya chronic arthralgia (PCCA) include viral persistence, autoimmune disease and exacerbation of pre-existing joint diseases [14, 15] . Female sex, older age, acute phase severity and comorbidities such as osteoarthritis, rheumatic diseases and diabetes are associated with chronic arthralgia [9] . Older adults infected with CHIKV had lower long-term quality of life scores than younger individuals [16] .
Chikungunya virus chronic symptoms include joint pain, swelling and stiffness often affecting hands, wrists, ankles and knees [17, 18] . Other extra-articular effects such as carpal/tarsal/cubital tunnel syndromes, bursitis, tenosynovitis, synovitis, asthenia, fatigue, depression, and disorders of sleep, memory and concentration may further compromise the physical function [5, 11, 19, 20] . Quality of life and workability are generally impaired in later stages of the disease [7, 16, 21] .
Grip strength [22] , postural balance [23, 24] and gait parameters [25] are markers of aging-related functional decline and physical malfunction, especially in people with rheumatologic disorders [26, 27] . Low grip strength is a predictor, and a criterion for frailty [28] . High grip strength is strongly associated with preserved mobility, higher level of activities of daily living, and decreased disability [28] . Pain, gait and balance impairments are associated with increased risk of falls in older adults [24, 25] . Slower speed, stride length and prolonged double support time are indicators of fear of falling, which further increases the risk of falls [29] . Thus, balance and gait analysis are useful to identify the risk of falls and to develop preventive interventions. However, little is known about changes in grip strength, gait, balance and pain levels post-CHIKV infection. Therefore, the objective of this study was to compare the levels of pain, grip strength, balance and gait in older adults with and without PCCA.
Methods

Participants
All 62 participants were recruited at Governador Valadares city's Rehabilitation Service using flyers and word of mouth. The inclusion criteria were to live in the epidemic area of Governador Valadares, Minas Gerais, Brazil, have had CHIKV fever at least 3 months before, and have PCCA (i.e. severe arthralgias, inflammatory arthritis, synovitis, enthesitis/enthesopathy, tenosynovitis, bursitis/hygroma, morning stiffness, large joint effusions) confirmed by a Rheumatologist evaluation based on the Brazilian Society of Rheumatology criteria for diagnosis and treatment of CHIKV fever [5] . Exclusion criteria included severe cardiovascular disease, unstable proliferative retinopathy, end-stage renal disease, diabetes, neurological diseases, any limb amputation and/or participation in balance/resistance training during the previous year [30] .
After screening (inclusion/exclusion criteria; rheumatologic and physical evaluation), the participants were divided into two groups: Older adults with PCCA and without PCCA (Table 1) . One-tailed post hoc sample size analysis returned an actual power of 0.87, considering a = 0.05 and a moderate effect size of 0.76.
Outcome measures
Pain. Current level of pain on the shoulders, elbows, wrists and/or hands, hips, knees, ankles and/or feet and spine was assessed using seven separate visual analog scales (VAS -0 to 10). Psychometric properties of VAS were previously tested with excellent results to assess pain in older adults [31] [32] [33] . All VAS scores were collected by the same rater. VAS scores ≤3.4 represent mild pain, 3.5-7.4 moderate pain and ≥7.5 severe pain [34] .
Gait. Gait spatiotemporal parameters were recorded using a wireless LegSys TM system (Biosensics, Boston, MA, USA). This system consists of accelerometers and gyroscopes which are attached with Velcro TM straps to each leg. The gait phases are determined by the events of heel-strike (initial foot contact) and toe-off (terminal foot contact) derived from the data from the gyroscopes attached to each shank through a local minimal peak detection scheme. After an adaptation trial, the participants completed a 10-m preferredspeed walk. The first and the last strides were excluded to avoid the effect of acceleration and deceleration, and the following parameters were assessed:
• Gait speed in meters per second (calculated by dividing the distance walked by the ambulation time);
• Cadence in steps per minute (number of steps per minute, sometimes referred to as step rate);
• Stride length in centimetres (anterior-posterior distance between heels of two consecutive footprints of the same foot -left to left, right to right; two steps comprise one stride or one gait cycle);
• Stride length variability as a percentage (calculated as the stride length's standard deviation divided by the mean);
• Stride time in seconds (time elapsed between the initial contacts of two consecutive footfalls of the same foot);
• Stride time variability as a percentage (calculated as the stride time's standard deviation divided by the mean). Balance. The BTrackS Balance Plate (Balance Tracking System, San Diego, CA, USA) was used to assess balance. The equipment is a force platform (40 9 60 cm) with sampling frequency of 25 Hz. The BTrackS sampling frequency satisfied the Nyquist theorem for the slow (<10 Hz) center of pressure (COP) changes measured in the present study [35] . The force plate has four strain gauges (one in each corner) that are used to determine the COP excursion area, and it has the same accuracy/ precision of a laboratory-grade force platform [35, 36] . The force platform was levelled via adjustable legs and verified with a levelling tool. The force platform was connected to the computer using a USB cable, which also provided power to the platform. The balance test consisted of four 20 s trials with minimal inter-trial delays (<10 s). The patient stood still on the platform with eyes closed, hands on the sides/ hips and feet shoulder width apart. The first trial was for familiarisation only, while the subsequent three trials were used to calculate the following COP parameters using the Explore Balance software (Balance Tracking System, San Diego, CA, USA):
• Path length (total sway length during each trial in cm);
• Mean velocity (path length divided by trial duration in cm/s);
• Mean distance from centre (the average distance from the centre of the total path in cm);
• 95% confidence interval ellipse area (the smallest ellipse fitting 95% of COP data in cm 2 );
• Mediolateral displacement (the maximal minus the minimal COP data points in medial-lateral direction in cm);
• Anteroposterior displacement (the maximal minus the minimal COP data points in the anterior-posterior direction in cm).
Grip strength. A calibrated hand dynamometer (Saehan Co., Changwon, South Korea) was used for grip strength measurements. The participant performed the test while sitting with arms along the body, with the elbow joint in 90°flexion and the forearm and the wrist in a neutral position. The participant pressed the handle of the dynamometer as hard as possible three times, for 3 s each time with the right and left hands (approximately 10s of rest between trials). The average (in kilograms-force) from the trials was used for each hand [37] .
Statistical analysis
Data were presented as means and standard deviation. The Shapiro-Wilk test was used to test the distribution of the data. The normality was accepted, and the Multivariate Analysis of Variance (MANOVA) General Linear Model was used to assess between group individual differences and to extend the analysis by taking into account multiple continuous dependent variables, bundling them together into a weighted linear combination or composite variable (Hotelling's trace). The significance was set at P < 0.05. Effect sizes (Cohen's d test) were calculated as: All analyses were done using PASW Statistics (version 18; SPSS Ltd., Quarry Bay, Hong Kong) and G-Power software (version 3.1.5; Franz Faul, Universitat Kiel, Germany).
Ethical approval and consent to participate
Approval was obtained from the Federal University of Juiz de Fora ethics committee (Protocol number CAAE 68584417.5.0000.5147). The objectives of the study were explained to the participants, and they were notified of the benefits and potential risks involved before signing an informed consent form prior to participation. All data were collected in July 2017.
Results
Participants without PCCA reported no pain, while participants with PCCA reported severe levels of pain (8 AE 2.5; P < 0.001). Seventy-eight percent of the participants with PCCA had polyarthralgia (number of joints affected >2). The joints/body parts most often affected were wrists/hands (90%), ankles/feet (74%) and knees (66%). Table 2 presents the gait and balance parameters, and grip strength. There were significant differences between groups for all variables, with large, very large or huge effect sizes for all gait and balance parameters other than stride time variability, and for grip strength. There were also significant differences between the groups on the composite variable (Hotelling's test F = 14.4; P < 0.001).
Discussion
This study compared pain, grip strength, balance and gait parameters of older adults with and without PCCA. The results indicate severe levels of pain, impaired balance and gait, and lower grip strength in older adults with PCCA. Arthralgia affecting the upper and lower limbs is likely the reason for the impairments identified because pain interferes with grip strength, balance and gait [39] [40] [41] . Interventions focused on arthralgia reduction/ pain management are important to improve functional performance in patients with PCCA. A patient-centred approach is recommended to relieve pain, reduce inflammation, prevent joint stiffness, loss of muscle tone and loss of physical function [42] .
Not many studies have been done to evaluate the effectiveness of interventions to reduce pain in patients with PCCA. However, exercise is an effective treatment for other chronic musculoskeletal pain disorders such as fibromyalgia, chronic fatigue syndrome, osteoarthritis and rheumatoid arthritis [43, 44] . In the chronic phase, the treatment may include heat, active (resisted or not), proprioceptive and aerobic exercises, stretching, manual therapy and aquatic therapy [45] . The prescription of exercise for chronic pain must address the biomechanical issues by selecting a regimen that is meaningful to and achievable by the patient to promote a successful rehabilitation program [46] .
Our results show that PCCA significantly affects balance and gait. The majority of serious older adult falls occur during walking; impaired balance and gait are reported as the most common causes of falls [47] . Gait speed is a reliable, valid, sensitive, and specific measure of functional capacity [48] . Gait speed and stride length are associated with falls in older adults [49] . Fallers have shorter stride length and more gait variability [49] . Gait speed decreases of approximately 10 cm/s are already considered a substantial change, and are associated with high risk of falling in older adults [50, 51] . In our study, the older adults with PCCA walked 36 cm/s slower than those without PCCA. A review found a significant relationship between cadence and history of falls in older adults; fallers cadence at comfortable gait speed was approximately 77% of the cadence of non-fallers (effect size: 1.4) [49] . Longer stride time was also a characteristic of older individuals who had previous and recurrent falls compared with non-fallers (effect size: 1.1) [49] . Gait variability is also associated with falls in older adults; normal stride length variability is around 4.4% in older adults [52] . In our study, the older adults with PCCA had 11% stride length variability; twice as much as the older adults without PCCA.
Huge effect sizes were also found for cadence and stride time differences between the older adults with and without PCCA. Changes in spatiotemporal gait parameters are markers of frailty [50] . Those classified as frail have shorter stride length and more gait variability [49] . Gait speed <0.8 m/s is a marker of frailty [51] . The mean gait speed of the older adults with PCCA was 0.7 m/s. Therefore, the effects of PCCA are similar to those of Descriptive data showed in mean and standard deviation.
frailty. Older adults who had PCCA had impaired mobility due to CHIKV-related complications (e.g. arthralgia). Center of pressure parameters reflect the voluntary/automatic postural control strategy [53] . To maintain upright stance, the central nervous system dynamically and selectively adjust the contributions of sensory inputs depending on the environment and neuromuscular constraints [54] . The COP trajectory represents the cumulative neuromuscular response to sustain balance [55] . It is a proxy for total body sway control, and larger values indicate worse performance [35, 36] . The older adults with PCCA showed larger (path length, area) and faster (velocity) COP displacements compared to the older adults without PCCA, with large effect sizes. Older adults with PCCA also showed higher anteroposterior and mediolateral sway, with respective large and very large effect sizes. Mediolateral oscillations are stronger predictors of falls than anteroposterior oscillations [56, 57] . People with higher mediolateral sway had three times greater risk of falling [57] . Our findings suggest a high risk of falls in older adults with PCCA. Interventions to improve balance and gait could prevent falls, and increase physical function in older people with PCCA.
Grip strength was also lower in older adults with PCCA, with large to very large effect sizes. Muscle strength (including grip strength) is important for functional performance [28] . Grip strength is an independent criteria to classify people as frail and a more useful marker of frailty than age [58, 59] . Grip strength is useful to identify risk of mobility disability [60] . It is a predictor of the overall body strength and physical function. Low grip strength in older adults with PCCA corroborates the impaired gait and balance findings, and shows the extent of their disabilities. The impairments observed indicate the need and importance of physical rehabilitation for older adults with PCCA. A limitation of the present study is the cross-sectional design, which does not allow cause-effect inferences. In addition, further investigation is needed to determine the effects of interventions/treatments on pain, gait, balance and strength in older adults with PCCA. The lack of studies describing the functional manifestations of older adults with PCCA constitutes an issue to optimise clinical and physical interventions. This study starts to provide objective information regarding physical impairments in this population. Older adults with PCCA had high levels of pain, impaired balance and gait, and lower grip strength than older adults without PCCA. Those results highlight the functional decline and the physical malfunction in older adults with PCCA, also expressing the increased risk of prospective injuries due to a loss of static or dynamic balance during daily activities, such as walking or climbing stairs. As muscle strength is also impaired, the immediate muscle response to regain the body balance may occur slower than in non-affected older adults. Thus, physical rehabilitation with exercise protocols focusing on strength and balance training might alleviate PCCA symptoms and improve overall functionality.
